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SYSTEM AND METHOD FOR IMPROVED 
BLACKFIELD DETECTION 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The invention relates to the ?eld of video recorder sys 

tems and, more speci?cally, systems and methods for 
recording, indexing, and navigating video content. 

2. Description of the Related Art 
Video recorder technology, such as videocassette record 

ers (V CRs) and digital video recorders (DVRs), have 
increased consumer control over hoW and When consumers 
vieW video programming. Since the advent of VCRs, con 
sumers have been able to record broadcast video (e.g., 
television, cable, and satellite broadcasts) for later vieWing. 
Avideo program is recorded onto a storage medium, such as 
a videocassette. The users can then vieW the program from 
the videocassette at their leisure. VCRs also provide navi 
gation features for vieWing the stored programs. VCRs 
typically alloW users to pause, fast forWard, and reWind 
through portions of the program, With or Without vieWing 
them. Some VCRs offer added navigational features, such as 
sloW motion and variable speed fast forWard and reWind, 
though the quality of these features is limited by the analog 
technology involved. Consumers vieWing a recorded pro 
gram can use the fast forWard feature to advance quickly 
through content that they do not Wish to vieW. A common use 
of this feature has become skipping commercials in recorded 
programs. 

Recognizing that consumers desire the ability to quickly 
and accurately avoid the commercials in recorded programs, 
a feature Was developed for VCRs that automated the 
identi?cation and skipping of commercials. These VCRs use 
analog or digital video processing to identify events in the 
video signal that typically mark advertisements. Some of the 
events commonly identi?ed include: black ?elds (the frames 
of “blank” video that are inserted betWeen commercials), 
silent ?elds (the “blank” audio that frequently accompanies 
black ?elds), and abrupt volume changes (the volume 
increases that frequently accompany commercials). Unfor 
tunately, these events may sometimes occur in program 
content, as Well as in and around commercials. 

Commercials are almost invariably presented in commer 
cial groups that folloW de?nable patterns. Black ?eld and 
silent ?eld events may separate each commercial in a 
commercial group. In order to overcome the limitations of 
identifying commercials based upon an isolated event, pat 
tern-matching logic is used by the VCRs to identify the 
event patterns in commercial groups. Identi?ed events are 
temporarily saved to buffer. A series of events in the buffer 
are analyZed according to the spaces betWeen them. If a 
prede?ned pattern is recognized, a commercial group is 
identi?ed. Once a commercial group is identi?ed, appropri 
ate markers are recorded on the videocassette, usually Writ 
ten into the control track. During playback, the beginning 
marker initiates automatic fast-forWarding. The fast-for 
Warding continues until an end marker for the group is 
reached. At Which time, the VCR returns to normal play 
mode. The advertisement skipping logic may also provide a 
video display, such as a blue screen, during the automatic 
fast-forWarding. 

Commercial skipping VCRs have a number of shortcom 
ings that reduce their usability and effectiveness. First, 
events may not be as simple to reliably detect as they ?rst 
appear. Signal quality can radically impact the quality of 
black ?elds and silence ?elds. The signal is rarely, if ever, 
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2 
actually Zero. Additionally, many television netWorks and 
content providers have implemented Watermarking or logos 
that appear even on black ?eld screens. Delivery systems, 
netWorks, and content providers can all impact the quality of 
the black ?elds and silence. There are other variations in the 
types of frames used to separate advertisements and program 
content, such as full screen logos and monochrome screens 
other than black. The variety and complexity of events is 
likely only to increase in a digital broadcast environment 
and may include proactive attempts by netWorks and adver 
tisers to evade commercial detection. Improved methods of 
detecting events, such as black ?elds and silent ?elds, are 
desirable. 

Similarly, there is a great variation in the event patterns 
that may be used to identify commercial groups. Confusion 
With the scene pacing in a program may lead to false 
identi?cation of commercial groups or portions of commer 
cial groups, causing program content to be automatically 
skipped. In current implementations, commercial skipping 
logic does not even attempt to identify commercial groups 
near the beginning or ending of a program, Where credits, 
teasers, and previeWs make it dif?cult to separate advertise 
ments from program content. Event patterns may vary 
across netWorks, programs, and the time of day, Week, or 
year. Event patterns may also evolve over time based upon 
changes in advertiser and vieWer preferences. Event patterns 
are particularly susceptible to variation by the broadcast 
providers in order to avoid the pattern recognition logic of 
current systems. Improved methods of updating and execut 
ing pattern recognition logic are desirable. 

Commercial skipping VCRs do not identify and mark 
commercials during initial recording, or even during ?rst 
playback. The pattern matching function requires the buff 
ering of multiple events before an earlier event can be 
identi?ed as signifying the beginning of a commercial 
group. Further, the markers identifying the starting and 
ending points of the commercial group are stored on the 
videocassette. Once a commercial group is identi?ed, the 
arrangement of reading and Writing heads in most VCRs 
requires that the tape be reWound to the start of the com 
mercial group in order to record the start marker on the 
videocassette. After initial recording but before the record 
ing can be vieWed With the commercial skipping feature, 
most commercial skipping VCRs execute a separate pass 
through the videocassette to identify events, identify com 
mercial groups, and mark the commercial groups on the 
videocassette. Improved methods of indexing stored com 
mercial groups are desirable. 

Commercial skipping VCRs provide limited navigation 
options for identi?ed commercials and commercial groups. 
Sequential recording and playback limit the practical options 
for navigating video content stored on videocassettes. The 
only navigation option provided by most commercial skip 
ping VCRs is to skip identi?ed commercial content based 
upon the beginning and ending markers placed in the control 
track. This function is generally binaryiit is either on or off. 
HoWever, users may desire more control over hoW and When 
commercial groups, or other identi?ed video content, are 
vieWed or not vieWed. Improved methods of navigating 
indexed commercial groups are desirable. 
DVRs are revolutioniZing the Way broadcast video con 

tent is stored, managed, and vieWed. DVRs include systems 
for receiving, digitally storing, and playing back video 
content, such as video programs and commercials. DVRs 
generally use a digital storage media, such as a hard drive, 
for digitally storing compressed video content. While the 
video content is stored digitally, it is often received and 
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played back as an analog signal-requiring one or more 
analog/digital converters. DVRs may provide a large num 
ber of enhancements for receiving, storing, and vieWing 
video content, such as interactive program guides, interac 
tive management of stored content, automated recording of 
neW content, enhanced navigation features, ?le sharing and 
communications features, and other enhancements. Many of 
these enhanced features involve substantial data processing, 
memory, netWork, and graphical interface overlay capabili 
ties. The combination of more ?exible storage systems (e.g., 
digital ?le systems), enhanced processing poWer, and ubiq 
uitous netWork technologies provides great potential for 
DVRs to overcome many of the limitations of VCRs. 

Most DVRs store video content as compressed video ?les 
using a digital compression standard, such as MPEG. In 
order to provide time-based access to and navigation of the 
video ?les, DVRs may generate a companion index ?le 
containing a time index of the video ?le. For example, the 
index ?le may correlate GOPs (Group of Pictures, a unit of 
MPEG compressed data) to elapsed time. DVRs may use the 
data from the index ?le to enable time-based manipulation 
of the video data stream during play back. Varying the 
progression folloWed through the index ?le enables 
enhanced navigation options, such as sloW motion, fast 
forWarding, and reWindingiall at variable speeds and With 
better ?delity than prior analog systems. The index ?le frees 
the system from sequential access to the content ?le by 
alloWing the system to directly access any time point in the 
content ?le. This aspect of the index ?le has been used to 
provide instant replay and skip forWard features. These 
features provide a prede?ned jump backWards or forWards in 
the data stream during playback. They are commonly used 
to revieW content the user Would like to see again or to skip 
content the user does not Want to see at all. A favored use of 
the skip forWard feature is to skip quickly through commer 
cial groups. A 30 second skip forWard is fairly effective in 
quickly navigating through commercials, Which frequently 
run about 30 seconds or a multiple thereof. When used in 
this Way, the user identi?es the presence of a commercial 
and activates the skip forWard, generally using a designated 
button on a remote control. If the user arrives at another 
commercial, the skip forWard is activated againiand so on, 
until the user arrives at the desired program content. Hope 
fully, the skip forWard does not carry the user too far, 
missing content the user Wanted to see. While this method of 
avoiding commercials during playback has proven popular 
With DVR users, improved methods of detecting commer 
cials and automatically skipping them are desirable. 

SUMMARY OF THE INVENTION 

The embodiments of the invention described beloW pro 
vide improved detection of events in a video signal or data 
stream. The described embodiments identify video events by 
calculating the luminance of at least a portion of a video 
frame, and comparing the luminance against a threshold 
luminance value. The threshold luminance value corre 
sponds to a transition point betWeen the luminance values of 
video content, such as video programs and commercials, and 
the luminance values of transition events, such as black 
?elds placed betWeen adjacent commercials and program 
segments. The threshold luminance value may be calculated 
for a particular video presentation by calculating the lumi 
nance of each frame in the video presentation and grouping 
the frames by luminance. The threshold luminance is deter 
mined by identifying the transition point betWeen a ?rst 
group of luminance values corresponding to the video 
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4 
content and a second group of luminance values correspond 
ing to the transition events. Some embodiments of the 
invention may include methods of commercial detection, 
methods of determining a video event threshold, methods of 
detecting a video event, and video playback devices that 
detect video events for enabling commercial detection or 
other enhanced content navigation. 

BRIEF DESCRIPTION OF THE DRAWINGS 

These and other features of the invention’s embodiments 
are more fully described beloW. Reference is made through 
out the description to the accompanying draWings. 

FIG. 1 is a block diagram illustrating a digital video 
recorder con?gurable to embody or include embodiments of 
the invention. 

FIG. 2 is a schematic diagram illustrating an example of 
a system in Which the embodiments of the invention may 
operate. 

FIG. 3 is a diagram of recorded video content as vieWed 
Without and With the operation of an embodiment of the 
invention. 

FIG. 4 is an example user interface display that may be 
used in conjunction With embodiments of the invention. 

FIG. 5 is a block diagram illustrating an embodiment of 
the invention that may be embodied in a digital video 
recorder, such as the digital video recorder of FIG. 1. 

FIG. 6 is a block diagram illustrating a modular descrip 
tion of a system for generating an event index according to 
an embodiment of the invention. 

FIG. 7 is an example luminance histogram for determin 
ing a black ?eld detection threshold according to an embodi 
ment of the invention. 

FIG. 8 is a block diagram illustrating a modular descrip 
tion of a system for providing content navigation according 
to an embodiment of the invention. 

FIG. 9 is a How chart illustrating a ?rst example method 
of generating an event index according to an embodiment of 
the invention. 

FIG. 10 is a How chart illustrating a ?rst example method 
of providing content navigation according to an embodiment 
of the invention. 

FIG. 11 is a How chart illustrating a second example 
method of generating an event index according to an 
embodiment of the invention. 

FIG. 12 is a How chart illustrating a second example 
method of providing content navigation according to an 
embodiment of the invention. 

FIG. 13 is a How chart illustrating an example method of 
determining a black ?eld detection threshold according to an 
embodiment of the invention. 

FIG. 14 is a How chart illustrating an example method of 
detecting a video event according to an embodiment of the 
invention. 

FIG. 15 is a How chart illustrating an example method of 
detecting an audio event according to an embodiment of the 
invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

In the folloWing description, numerous details are set 
forth to further describe and explain one or more embodi 
ments of the invention. These details include system con 
?gurations, block module diagrams, ?oWcharts, and accom 
panying Written description. While these details are helpful 
to explain one or more embodiments of the invention, those 
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skilled in the art will understand that these speci?c details 
are not required in order to practice the present invention. 

The block diagram of FIG. 1 illustrates a DVR 100 
con?gured to include commercial detection in accordance 
with an embodiment of the present invention. The DVR 100 
includes an AV input module 102, a processor 104, a 
memory 106, an AV Output module 108, a data storage 
medium 110, a modem 112 and a network interface 114 
interconnected by a conventional bus architecture. Gener 
ally, the processor 104 executes instructions such as those 
stored in the memory 106 to provide functionality including 
that provided by certain embodiments of the present inven 
tion. Additional memory such as ROM and/or EEPROM 
(not shown) may store instructions for boot up sequences, 
DVR functionality updates, or other information. The net 
work interface 114 is conventional and preferably allows 
connection to an Ethernet based network. This connection 
may be used to connect to a home network and in turn a 
broadband connection to a WAN such as the Internet or any 
of various alternative broadband connections. 

The user may control the operation of the DVR 100 
through control signals provided on the exterior of the DVR 
100 housing through the panel interface 132, or through 
control signals originating from a remote control, which are 
received through the remote signals interface 134, in con 
ventional fashion. Other conventional electronic input 
devices may also be provided for enabling user input to 
DVR 100, such as a keyboard, touch screen, mouse, joy 
stick, or other device. These devices may be built into DVR 
100 or associated hardware (e.g., a video display, audio 
system, etc.), be connected through conventional ports (e. g., 
serial connection, USB, etc.), or interface with a wireless 
signal receiver (e.g., infrared, BluetoothTM, 802.1lb, etc.). 
The AV input module 102 receives input through various 

conventional interfaces, including coaxial RF/Ant, S-Video, 
component audio/video, network interfaces, and others. The 
received signals can originate from standard NTSC broad 
cast, high de?nition (HDTV) broadcast, standard cable, 
digital cable, satellite, Internet, or other sources, with the AV 
input module 102 being con?gured to include appropriate 
conventional tuning and/or decoding functionality. The 
DVR 100 may also receive input from other devices, such as 
a set top box or a media player (e.g., VCR, DVD player, 
etc.). For example, a set top box might receive one signal 
format and outputs an NTSC signal or some other conven 
tional format to the DVR 100. The functionality of a set top 
box, media player, or other device may be built into the same 
unit as the DVR 100 and share one or more resources with 
it. 

The AV input module 102 also preferably includes one or 
more MPEG encoding modules that converts signals from a 
?rst format (e.g., analog NTSC format) into an MPEG 
format (e.g., MPEG 2, etc.) that may be stored in the 
memory 106 or the data storage medium 110 such as a hard 
disk. Typically, content corresponding to the formatted data 
stored in the data storage medium 110 may be viewed 
immediately, or at a later time. Additional information may 
be stored in association with the MPEG data to manage and 
identify the stored programs. Other embodiments may use 
other appropriate types of compression. 

The AV output module 108 further includes a graphics 
module 122, video decoder 124 and audio decoder 126. The 
video decoder 124 and audio decoder 126 are preferably 
MPEG decoders that can obtain the MPEG data stored in the 
data storage medium 110 and convert it to format compatible 
with the display device, typically the NTSC format that can 
be readily received by a conventional television set. The 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

6 
graphics module 122 receives various guide and control 
information and provides signals for corresponding displays, 
outputting them in a compatible format. 
The DVR 100 processes guide information that describes 

and allows navigation among content from a system (e.g., 
the broadcast system) at present or future times, as well as 
content that has already been captured by the DVR 100. 
Guides that display such information may generally be 
referred to as content guides. These content guides include 
channel guides and playback guides. A channel guide dis 
plays available content from which individual pieces of 
content may be selected for current or future recording and 
viewing. In a speci?c case, the channel guide may list 
numerous broadcast television programs, and the user may 
select one or more of the programs for recording. The 
playback guide displays content that is stored or immedi 
ately storable by the DVR 100. Other terminology may be 
used for the guides. For example, they may be referred to as 
programming guides or the like. The term content guide is 
intended to cover all of these alternatives. 
The DVR 100 may also be referred to as a Personal Video 

Recorder (PVR). One example of a DVR 100 that may 
incorporate embodiments of the present invention is the 
ReplayTV brand of DVRs provided by SONICblue Incor 
porated, a Santa Clara, Calif. company. A Replay Guide is an 
example of a playback guide implemented by ReplayTV 
DVRs. 

Although certain modular components of a DVR 100 are 
shown in FIG. 1, the present invention also contemplates 
and encompasses units having different features. For 
example, some devices may omit the telephone line modem, 
instead using alternative conduits to acquire guide data or 
other information used in practicing the present invention. 
Additionally, some devices may add features such as a 
conditional access module (CAM), such as one implement 
ing smart card technology, which works in conjunction with 
certain content providers or broadcasters to restrict access to 
content. 

Additionally, although this embodiment and other 
embodiments of the present invention are described in 
connection with a DVR or PVR, the invention is equally 
applicable to other devices including but not limited to a set 
top box (STB), cable STB, satellite STB, or televisions 
containing modules with similar functionality. 

In the embodiment shown, the DVR memory 106 
includes an commercial indexer 140 and a program naviga 
tor 150 and the data storage 110 includes at least one content 
?le 160 and at least one index ?le 170. The commercial 
indexer 140, the program navigator 150, the content ?le 160, 
and the index ?le 170 may be used to provide enhanced 
navigation of video content during playback. 
The commercial indexer 140 provides automatic detec 

tion of audio and/or video events in a video signal or data 
stream. For example, the detected events may correlate to 
transitions in the content of the video data, such as breaks 
between commercials and program content. Detected com 
mercials may include any and all non-program content, such 
as paid advertising, station identi?cation segments, pre 
views, and other program interruptions. Commercials may 
be presented in sequential clusters, referred to as commercial 
groups, which are framed by program content. The com 
mercial indexer 140 may detect events, analyZe event pat 
terns, and store data regarding identi?ed transitions in con 
tent. The data stored regarding the identi?ed transitions in 
content may then be used by the program navigator 150 to 
provide enhanced playback options, such as commercial 
skipping. Alternatively, the commercial indexer 140 may 
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detect events and store the data regarding the detected 
events. During playback, the program navigator 150 may 
analyze event patterns and provide enhanced navigation 
options based upon the analysis. In one embodiment, event 
indexer 140 includes software instructions for coordinating 
video processing, pattern recognition, and data storage tasks. 
The commercial indexer 140 may govern hardWare compo 
nents for carrying out some aspects of the commercial 
detection tasks. In some systems, commercial detection may 
be integrated With A/D conversion, data compression, time 
indexing, and storage of the video data in data storage 110. 

The program navigator 150 provides navigation options 
for vieWing stored video content. The program navigator 
150 may include functional logic mapped to the receipt of 
one or more control signals. For example, the program 
navigator 150 may determine, at least in part, hoW the DVR 
responds to user input through a remote control, panel 
interface, or other input device. Interpretation of received 
control signals may be conditioned based upon phases of 
operation, for example, during playback, from a guide or 
menu, etc. The program navigator 150 may include a graphi 
cal user interface, icon, audio cue, or other interface respon 
sive to received control signals. The program navigator 150 
may include various navigation features utiliZing a time 
based index of stored video content. In one embodiment, the 
program navigator 150 provides logic for skipping commer 
cials in a recorded video program based upon events iden 
ti?ed by the commercial indexer 140. The commercial 
skipping logic may be activated through a menu selection or 
a speci?ed button on the panel interface 132 or remote 
control (not shoWn). The program navigator 150 may 
include logic for presenting brief edited portions of the 
skipped commercials and an icon or other indicator to notify 
the user that commercials are being skipped. Other content 
navigation options based upon the detected events might 
include: vieWing commercials and skipping program con 
tent, jumping to the next or previous commercial or program 
segment, or “chapter” access to commercials and program 
segments. 
The content ?le 160 includes the stored video data of one 

or more recorded video transmissions. The video data may 
or may not be stored in the same format in Which it Was 
received. For example, an analog video signal may be 
received by the DVR 100 and converted to a digital video 
signal and the digital data corresponding to the content of the 
digital video signal may be stored in the content ?le 160. In 
one embodiment, the digital data may be compressed using 
one or more video data compression techniques to econo 
miZe use of the data storage 110. The content ?le may 
include a single recording session, Which may or may not 
include multiple video programs and intervening commer 
cials. In one embodiment, each content ?le corresponds to a 
single recorded video program and its intervening commer 
cials. 

The index ?le 170 includes pointers to a plurality of 
locations in the content ?le 160. The pointers index the 
stored video data at various locations to enable access to and 
navigation of the video data. For example, the index ?le 170 
may include pointers for program start and end locations, 
evenly spaced pointers for providing a time-based index of 
the program content, or pointers corresponding to an event 
in video content, such as a black ?eld, content change (e.g., 
from program to commercial), or other detectable content. 

The DVR 100 may operate as a single home unit that is 
used in conjunction With a conventional television set, and 
that does not necessitate communication With other units. 
Alternatively, the DVR 100 may operate along With other 
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8 
units in various types of netWorks or the like. FIG. 2 
illustrates an example of a system 200 in Which several 
DVRs 216, 218, 236, and 238 are interconnected in local 
area netWorks 210 and 230. The local area netWorks 210 and 
230 are, in turn, connected to a Wide area netWork 250. A 
server 260 and a content provider 270 are also connected to 
the Wide area netWork 250. The Wide area netWork 250 may 
be the Internet. Conventional netWorking technologies may 
be used to facilitate the communications among the various 
systems. For example, the netWork communications may 
implement the Transmission Control Protocol/Intemet Pro 
tocol (TCP/IP), and additional conventional higher-level 
protocols, such as the Hyper Text Transfer Protocol (HTTP) 
or File Transfer Protocol (FTP). Connection of DVRs to 
communication netWorks may alloW the connected DVRs to 
share recorded content, utiliZe centraliZed or decentraliZed 
data storage and processing, respond to control signals from 
remote locations, periodically update local resources, pro 
vide access to netWork content providers, or enable other 
functions. 

In one embodiment, the local area netWorks 210 and 230 
are home netWork systems for interconnecting a variety of 
home electronics devices. The local area netWorks 210 and 
230 may include or be portions of a smart home netWork 
interconnecting a variety of appliances and home sub 
systems. In the embodiment shoWn, the local area netWork 
210 includes the DVRs 216 and 218, as Well as PCs 220 and 
222. Each of these units may be in a different location in the 
home and connected using conventional netWork technology 
and softWare. Communication among the units may alloW 
remote operation and interchange betWeen units. For 
example, the DVRl 216 located in a bedroom may connect 
to the DVR2 218 located in the living room. The DVRl 216 
may access the guide information and stored video content 
of the DVR2 218. Similarly, the DVRs 216 and 218 may 
share resources With and enable control from the PCs 220 
and 222. The types and quantities of access and data shared 
among units may be limited to prevent circumvention of 
copyright management and other security features. 
The local area netWork 210 also includes a router 214 and 

a broadband interface 212. The broadband interface 212 may 
be a conventional digital subscriber line (DSL) modem, 
cable modem, or any device providing an interface betWeen 
the home netWork and a broadband connection, including 
Wired, Wireless and any alternative broadband connections. 
The router 214 acts as a ?reWall betWeen the devices 
216-222 Within the home netWork 210 and other devices 
potentially connecting With those devices through the Inter 
net. Logical ports 224a-d are assigned for certain Internet 
communications made betWeen the devices 216-222 and 
other devices outside the home netWork 210. These logical 
ports act as a barrier to certain ?le transfers. 

Similar to local area netWork 210, the other shoWn local 
area netWork 230 includes a broadband interface 232 and 
router 234 through Which units 236-240 may connect to each 
other and the Internet, using logical ports 244a-c. The local 
area netWork 230 may operate substantially as described 
above for local area netWork 210. 
The server 260 may include any shared remote resource 

for data storage or processing that is accessible to multiple 
DVRs connected to the Wide area netWork 250. The server 
260 may facilitate communications among DVRs and other 
netWork resources, such as the content provider 270. In one 
embodiment, the server 260 is responsible for coordinating 
communications among DVRs and other netWork resources. 
For example, the server 260 may maintain content delivery 
information, including the netWork addresses and port infor 
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mation for various DVRs. The DVRs may periodically and 
automatically report their content delivery information to the 
server 260. Other DVRs may then contact the server 260 to 
receive the content delivery information. Communications 
betWeen DVRs may be routed through the server 260 or may 
be made peer-to-peer using the content delivery information. 
Online content providers may query the server 260 for such 
information, Which they may then use to complete content 
doWnloads. 

The server 260 may be responsible for providing periodic 
updates of DVR software, guide data, service information, 
and other data. User speci?c event recognition and pattern 
recognition data, such as event thresholds and event patterns 
based upon user history, service, carrier, or program, may be 
provided in this manner. Similarly, neW event types and 
event patterns may be provided to DVRs as they are devel 
oped. SoftWare and graphical user interface driven naviga 
tion features may also be provided through the Server 260. 

The server 260 may be responsible for receiving data 
from DVRs, storing and processing that information, and/or 
providing updated information back to the individual units. 
For example, the server 260 may collect usage data from 
DVRs on the netWork to provide aggregate program statis 
tics and feature usage information. This function may also 
be used to collect event pattern data, analyZe the data, and 
provide updated pattern matching algorithms for use by the 
DVRs. 

The content provider 270 may include various services for 
delivering programming and advertising content through 
DVRs. For example, numerous Websites produce original 
video content for doWnload and vieWing on a PC. Such 
video content may also be distributed through DVRs. As 
bandWidth and connectivity increase, more and more video 
content is likely to be distributed over Wide area netWorks, 
such as the Internet. DVRs are particularly Well suited to a 
content-on-demand distribution model. 
A user of the DVR 100 may use its enhanced navigation 

features to vieW recorded content With substantially reduced 
commercials. FIG. 3 shoWs a timeline of a program 300 that 
has been recorded on a DVR, such as the DVR 100. The ?rst 
timeline 310 is the program 300 as it may be vieWed in 
correspondence With hoW it Was originally presented and 
stored on DVR 100. The second timeline 312 is the program 
300 vieWed With one embodiment of an automated com 
mercial skipping feature enabled. The second timeline 312 
provides a substantially different vieWing experience, 
including a shortened total running time for the presentation. 

The program 300 contains content of varying natures, for 
example, program segments and commercials. These por 
tions of content are vieWed sequentially in a normal pre 
sentation, such as during a television broadcast or standard 
replay from a recorded source. As the presentation 
progresses, abrupt changes attend the transition points 
betWeen portions. These transitions, at the very least, com 
prise a scene change (e. g., from the sitcom characters in their 
apartment to a sleek neW sedan taking a hairpin turn in a car 

commercial). Of course, not all scene changes represent a 
change in content, such as scene changes Within a program 
segment or commercial. Most transitions betWeen program 
segments and commercials include a brief transition screen, 
such as a black screen and attendant silence. Transitions 
betWeen program segments and commercials may also be 
accompanied by changes in volume and other detectable 
events. Program segments generally do not alternate With 
single commercials, but With commercial groups containing 
multiple commercials. Transitions betWeen commercials in 
a commercial group also usually include a transition screen 
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10 
and may or may not include other detectable events. Tran 
sitions among program segments and commercials are 
shoWn in the ?rst timeline 310 as transitions 320-339 and in 
second timeline as transitions 360-376. Each transition may 
include a transition screen and other detectable events. 

The program content in program 300 is depicted as 
program content 341-346 in the ?rst timeline 310 and 
program content 381-386 in the second timeline 312. 
Example program content may be a broadcast television 
program, such as a sitcom, soap opera, movie, or neWs 
program. The program content may include a teaser seg 
ment, a title credits segment, one or more chapter segments, 
and an end credit segment. For example, the program 300 
includes a teaser segment 341, 381, a title credits segment 
342, 382, a plurality of chapter segments 343-345, 383-385, 
and an end credit segment 346, 386. 

The program 300 also includes a number of commercials 
embedded Within the video presentation. The commercials 
are embedded as commercial groups, depicted as commer 
cial groups 351-354 in the ?rst timeline 310 and commercial 
groups 391 and 394 in the second timeline 312. Each 
commercial group is composed of 3-4 commercials sepa 
rated by a corresponding number of transitions. There are 
four commercial groups 351-354 contained in ?rst timeline 
310, representing the commercial groups as broadcast and 
recorded. There are only tWo complete commercial groups 
391 and 394 in the second timeline 312, representing opera 
tion of a commercial skip feature to substantially decrease 
the commercials presented during playback. 

In the second timeline 312, the commercial groups 352 
and 353 from the ?rst timeline 310 have been replaced by 
indicators 392 and 393. The indicators 392 and 393 notify 
the vieWer that commercials have been skipped. In one 
embodiment, the indicators 392 and 393 include brief por 
tions (a feW frames to several seconds) of the ?rst and last 
commercial in the corresponding commercial group. The 
indicators may also include an icon overlay, audio cue, or 
other identi?er for operation of the commercial skip feature. 
For example, an indicator could include 3 seconds from the 
beginning of the ?rst skipped commercial, 7 seconds of the 
end of the last skipped commercial, and an icon overlay 
associated With the commercial skip feature. Alternate indi 
cators may include brief portions of all commercials skipped 
or no portions of the commercials skipped. In an alternate 
embodiment, the commercial skip feature may be imple 
mented Without any indicators. Program segments 383, 384, 
and 385 Would be presented sequentially Without any inter 
ruption or other indication that commercials had been 
skipped. 
The commercial groups 391 and 394 have been left 

unmodi?ed by the commercial skip feature in the second 
timeline 312. In some embodiments, commercial detection 
and skipping may not operate Within a certain period (e.g., 
2 minutes) proximate the beginning and ending of a program 
presentation. This prevents accidental misidenti?cation of 
short program segments commonly placed near the begin 
ning or ending of a program. For example, vieWers may Wish 
to ensure that the teaser segment 341, 381, the title credits 
segment 342, 382, and the end credit segment 346, 386 are 
not accidentally skipped due to their similarity to advertise 
ments. A user may be able to select Whether or not beginning 
and ending segments are subject to detection and skipping. 
Alternate embodiments may skip all commercials in a 
program based upon user aggressiveness settings or alternate 
event and pattern detection techniques that can safely dis 
tinguish introductory and closing segments. 
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FIG. 4 shows an example graphical interface 400 for a 
system enabling commercial skipping navigation, such as 
the DVR 100 from FIG. 1. Graphical interface 400 may be 
generated by a graphics module, such as graphics module 
122, and output to an attached display device, such as a 
television, computer monitor, handheld display, or other 
display device. 

In the embodiment shoWn, a content guide 40011 is dis 
played to alloW the user to select a recorded program from 
a number of recorded programs. The content guide 400a 
may display both programs that have been recorded and 
those that have been selected for recording. The content 
guide 400a includes a header 402, a heads up display (HUD) 
404, a categories area With several category listings 406a-e, 
a content area With several listed programs 40811-1‘, and a unit 
identi?cation area 410. A menu overlay 420 provides the 
play options 422 and 424 for a selected program (408d), 
including a commercial skip toggle 426 and identi?er 428. 

The unit identi?cation area 410 displays the name of the 
unit Whose guide is being vieWed. If the unit is a stand alone 
(not netWorked With other units), then the unit identi?cation 
area 410 can be omitted or can provided a ?xed display such 
as a logo. 

The header area 402 displays a currently selected cat 
egory, here “TV ShoWs.” The content area lists the available 
programs in the selected category, including the shoWn 
entries 40811-1‘. While in the content area, the user navigates 
among the available programs using conventional remote 
control and display signals such as a cursor that moves in 
response to directional commands and that either automati 
cally selects the underlying entry or does so in response to 
a selection signal (e.g., a joystick input can provide various 
directional commands and be pressed to “select” a currently 
highlighted area). The list of programs may exceed the 
number that can be shoWn in the content area. DoWnWard 
cursor navigation beyond the loWermost entry 408f causes 
un-displayed entries to appear, unless the last in the cat 
egory. The HUD 404 displays additional information regard 
ing a currently selected entry. Here, it displays recording 
quality and other information about the current program for 
entry 408d, “The Simpsons.” 

The menu overlay 420 displays one or more Ways of 
vieWing the previously recorded programs, including using 
the commercial skipping feature. Display of menu overlay 
420 may be initiated based on a control signal received from 
the user, e.g., When the user presses select on the remote 
control. Menu overlay 420 is shoWn in conjunction With 
content guide 40011, but could also be used With a recorded 
program presently being vieWed or another interface for 
governing playback or other program navigation, such as a 
scene or chapter selection interface. The play button 422 
plays the selected program from Where the vieWer most 
recently left off. The play from beginning button 424 plays 
the selected program from the beginning, regardless of 
Where the vieWer previously left off. Other play modes and 
menu options may be offered through the menu overlay 420. 
The commercial skip toggle 426 indicates Whether the 
commercial skip feature is enabled or not. For example, if 
the commercial skip toggle 426 is marked (as shoWn), the 
commercials Will be skipped When the program is played, 
regardless of the play mode selected. The identi?er 428 
indicates the purpose of the toggle 426 and may include a 
functional description, a trademark designation, an icon, or 
some combination. The toggle 426 and identi?er 428 alloW 
the user to toggle the commercial skip feature on and off. For 
example, the highlighted area (shoWn on the play button 
422) may be moved to the identi?er 428 using appropriate 
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control signals. Another control signal, such as from the 
select button, Will toggle the toggle 426 betWeen on and off. 
There are other conventional interfaces that may be used for 
enabling and disabling the commercial skip feature. 

FIG. 5 shoWs a modular con?guration 500 for implement 
ing an improved commercial skip feature in accordance With 
the invention. Con?guration 500 includes a plurality of 
functional modules organiZed Within structures found in a 
typical DVR, such as DVR 100. The structures include an 
AV input module 510, a memory 530, and a data storage 
550. The AV input module 510 includes hardWare modules 
for receiving, processing, and redirecting data from a 
received signal. The memory 530 includes softWare modules 
for processing received data, selectively storing secondary 
data, and providing navigation of stored content. The data 
storage 550 includes ?les for storing content and other data 
used in the operation of the DVR. The softWare modules in 
the memory 530 may be loaded from the data storage 550 
and may oversee the operation of both the AV input module 
510 and the data storage 550. 
The AV input module 510 receives an external signal, 

such as a broadcast signal, signal from another playback 
device, or packetiZed communication signal. The AV input 
module 510 directs content data corresponding to the con 
tent of the received signal to the data storage 550. The AV 
input module 510 may provide conversion, indexing, event 
detection, and compression based upon the received content 
data. In the embodiment shoWn, the AV input module 
includes a tuner 512, an A/D converter 514, indexing logic 
516, an event detector 518, and a compression encoder 520. 
The tuner 512 is a conventional tuner for selecting a signal 

or channel from a spectrum of available signals or channels. 
A tuner may be unnecessary Where the data carrier consists 
of a single signal or channel. 
The A/D converter 514 is a conventional A/D converter 

for converting analog signals into digital data corresponding 
to the video and other content of the analog signal. The 
digital data may be replicated to multiple other modules for 
simultaneous processing and storage. For example, event 
detection or other video processing may be carried out 
simultaneously With compression and storage of the video 
data. In alternate embodiments, video processing may be 
carried out on the analog signal before conversion. The A/D 
converter 514 may be obviated in systems Where the video 
data is received in a digital format. The AV input module 510 
may include any number of conversion modules for con 
verting betWeen conventional broadcast or communication 
signals and a digital format used Within the DVR. 
The indexing logic 516 is conventional logic for time 

indexing a digital video data stream. For example, the 
indexing logic 516 could generate a ?xed siZe record con 
taining the time of arrival of each GOP as each GOP is 
received. The record may also include the byte offset from 
the beginning of the content ?le, the siZe in bytes of the ?rst 
frame of the GOP, and additional ?ags for marking events 
Within the GOP. The resulting group of records may then be 
scanned to ?nd the nearest GOP to a given time, thus 
providing a time index. In some embodiments, indexing 
logic 516 may be obviated by systems including pre-indexed 
video programs. For example, index data may be provided 
along With content data in a received data stream. 
The event detector 518 provides detection of one or more 

types of events in the video data. For example, the event 
detector 518 may include a plurality of conventional detec 
tors for calculating total video signal or total audio signal, or 
portions thereof. Further description of an example embodi 
ment of a video event detector and an audio event detector 
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are provided below in conjunction With FIG. 6. Some 
detectable events may be based upon content other than 
black ?elds and silence. For example, events may be 
detected based upon video processing that identi?es particu 
lar images, text, patterns, and other commercial markers. 
The event detector 518 may carry out a detection algorithm 
for abstracting one or more values from the video data. The 
abstracted values may be processed or combined With other 
values before being passed or raising an indicator value 
(e.g., a ?ag) to another module for further processing. The 
abstraction and combination of values, including threshold 
values or other criteria for events, may be embodied in a 
logic chip, such as a ?eld programmable gate array (FPGA). 
In some embodiments, event detection may not be neces 
sary. For example, video programs may be broadcast With 
metadata indicating video events, content transitions, or 
other data useful for commercial detection and skipping. 

The compression encoder 520 provides compression of 
the video data for storage in the data storage 550. The 
compression encoder 520 may include any system for 
removing redundant and unnecessary information from 
video data. The removal of such information decreases the 
amount of storage space and bandWidth that is required to 
store and communicate video images and sound. The com 
pression encoder 520 may include conventional encoding 
logic for one or more data compression standards, such as 
MPEG-1, MPEG-2, MPEG-4, H-26l, H-263, and others. 
The compression encoder 520 may operate in conjunction 
With the A/D converter to compress the video data as it is 
generated from the analog video signal. The compression 
encoder 520 may operate in conjunction With the indexing 
logic 516 in order to correlate time to compressed video 
units. For example, an MPEG encoded data stream or ?le 
may include Group of Pictures (GOP) headings that can be 
correlated to a time-based index by the indexing logic 516. 
In some embodiments, compression encoding may be 
unnecessary. For example, some systems may broadcast and 
share data already formatted With appropriate video com 
pression. 

The memory 530 contains executable softWare modules 
for overseeing operation of the commercial skip feature. The 
memory 530 may include one or more conventional RAM 
units connected through a bus architecture to a micropro 
cessor, the AV input module 510, and the data storage 550. 
The memory 530 may oversee operation of event detection, 
event group pattern detection, event indexing, updating 
event detection and navigation information, and providing 
navigation features based upon the event index. In the 
embodiment shoWn, the memory 530 includes an event 
handler module 532, a group detector module 534, an event 
indexer module 536, a remote information module 538, and 
a content navigation module 540. In alternate embodiments, 
one or more functions described in conjunction With the 
memory 530 may be carried out in a hardWare module, 
remote system, or other system resource. 

The event handler module 532 provides logic for handling 
events detected by the event detector 518. In one embodi 
ment, the event handler module 532 receives one or more 
values describing an event detected by the event detector 
518. For example, the event handler module 532 may 
receive an event ?ag, a luminance value, or a maximum and 
minimum audio value for a particular ?eld, frame, GOP, or 
time point in the video data stream. The event handler 
module 532 may evaluate the received data to determine 
Whether it meets threshold criteria for an event. The thresh 
old criteria may include prede?ned values for both the event 
data and the event time. For example, the event handler 
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14 
module 532 may evaluate a plurality of received luminance 
values against a prede?ned threshold generated from a 
luminance histogram, but only if it falls Within an event 
detection WindoW that excludes the ?rst and last tWo minutes 
of a recorded program. A detected event meeting the evalu 
ation criteria of event handler module 532 is passed to the 
group detector module 534 for further analysis. In the 
alternative or in conjunction With being passed to the group 
detector module 534, the detected event may be passed to 
the event indexer module 536 to be stored for later analysis 
and use. In one embodiment, the event handler module 532 
may evaluate a ?rst type of event data, such as luminance, 
and provide instructions to the event detector 518 to capture 
event data for a second type, such as maximum audio, if 
certain conditions are met by the ?rst type of event data. 
Further description of an example event handler module is 
provided beloW With regard to FIG. 6. In an alternate 
embodiment, event data or other metadata may be provided 
With received video data. The event handler module 532 
may provide logic for evaluating the received event data or 
other metadata to select events relevant to locating commer 
cials in the video content. 
The group detector module 534 provides pattern matching 

logic for evaluating a plurality of detected events. The group 
detection module 534 detects commercial groups based 
upon identi?able spacing patterns folloWed by commercial 
programmers. The group detection module 534 may receive 
a series of detected events from event handler module 532. 
In an alternate embodiment, the group detection module 534 
may receive the detected events from the content navigation 
module 540 as it reads them from the index ?les 556 during 
playback. In one embodiment, the group detection module 
534 saves received events to a temporary buffer for analysis. 
Alternatively, all detected events for a given program can be 
saved to a ?le location in the data storage 550 and analyZed 
from there. The group detection module 534 evaluates the 
series of detected events, or some portion thereof, against 
logical conditions for identifying a commercial group. For 
example, the group detection module may evaluate interval 
patterns betWeen the-occurrence of certain types of detected 
events. Further description of an example group detector 
module is provided beloW With regard to FIG. 8. In an 
alternate embodiment, metadata identifying the nature of the 
video content may be provided With received video data. 
The group detection module 534 may select data relevant to 
locating commercial groups in the video content from the 
provided metadata. 

The event indexer module 536 provides the logic for 
Writing an event index into the data storage 550. The event 
indexer module 536 receives one or more identi?ers and 
corresponding ?le locations for those identi?ers. For 
example, the event indexer module 536 may receive a ?rst 
tag indicating a starting location for a commercial group and 
a second tag indicating an ending location for a commercial 
group. Other identi?ers may include those corresponding to 
particular types of events (e.g., black ?eld, silent frame, 
both, etc.), Where multiple types of events may be detected 
by the event detector 518 and the event handler module 532. 
The event indexer module 536 may generate a data pointer 
indicating the nature of the location to be tagged (e. g., black 
?led/ silent frame event) and the corresponding location in a 
content ?le in the data storage 550. In one embodiment, the 
event indexer module 536 inserts the tag Within a time-based 
index ?le associated With the particular content ?le. In an 
alternate embodiment, the event indexer module 536 inserts 
the tag and location in a separate event index. In some 
embodiments, the event indexer module 536 may be unnec 




















